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INTRODUCTION 
Oogenesis involves the process of meiosis consisting of two nuclear divisions 
occurring repeatedly. thus the halving of the chromosome number is accomplished. 
In the oocyte. these processes are performed by the remarkable unequal cell divi-
sion: namely, the most of the cytoplasm of the mother cell remains in an oocyte, 
whereas a small bulge appears from the smface of the oocyte resulting to form 
first polar body. The outer pole of the spindle with half of the chromosomes 
enters into this cytoplasmic bulge. Subsequently, in such a manner the second 
meiotic division is carried out. Instead of having the equivalent set of the chromo-
somes, the polar bodies are incapable of doing develope because of the deficiency 
of their cytoplasm. What sort of development takes place in the polar bodies 
when their cytoplasmic distribution is altered 1 In the present experiment, there-
fore first of all, (1) attempts were made using the treatment of DNP known as the 
respiratory inhibitor in order to disturb the cytoplasmic distribution of polar 
bodies, and (2) to know the mechanism how the polar bodies are restricted into 
such a small cell by the control of their meiotic spindles. 
MATERIAL AND METHOD 
The present experiments were perfmmed with the fertilized eggs of the bivalve, 
Oaecella chinensis DESHAYES, collected in the vicinity of the Asamushi Marine 
Biological Station of Tohoku University, Aomori City. Eggs and spermatozoa 
were obtained during the spawning season at July 1972 by cutting out the ovary 
and testis in the ordinary sea water. Eggs taken from the ovary were washed 
repeatedly with the sea water, then inseminated. In the normal development 
under the laboratory condition of the sea water at 20-22'C, the germinal vesicle of 
the fertilized eggs disappears about 15 minutes, subsequently the first and second 




Fig. l, a-d. Photomicrographs showing the process of meiotic division. , a-c. Sections of 
the successive stages of the first meiotic division., a. Metaphase., b. Early anaphase., 
c. Anaphase., d. Metaphase of the second meiotic division. 
polar bodies are eliminated at about 35 and 50 minutes thereafter respectively. The 
first cleavage comes 75-85 minutes after insemination. 
In the present experiment, a one per cent solution of DNP dissolved in abso-
lute ethanol was first prepared as the stock solution, then diluted with the sea 
water to t he concentration of 0.01 per cent. The fertilized eggs, at the stage just 
after the breakdown of germinal vesicle (about 20 minutes after insemination), 
were exposed to DNP sea water for various period of time, then transferred to 
ordinary sea water. The recovering processes, especially the elimination of the 
polar bodies, were then ascertained. Throughout this paper the term GVBD will 
be used as the abbreviation of the germinal vesicle breakdown. 
RESULT AND DISCUSSION 
vVhen the fertilized eggs at the period five minutes after insemination were 
continuously exposed to DNP sea water, the breakdown of the germinal vesicles 
proceeded unaltered in speed and pattern even during the exposure. Accordingly, 
the writer's subsequent experiments ·were performed in the eggs just after the 
completion of the disappearance of the germinal vesicle. 
When the exposure was begun during the GVBD stage, the elimination of the 
polar bodies was completely suppressed. vVit hin 30 nlinutes exposure, the cyto-
plasm arround the polar region of the animal pole, faded into a vague homogene-
ous zone as seen in the control eggs, however, no sign of astral ray formation was 
detected. In the case of the exposure in 0.005 per cent DNP sea water, most of the 
treated eggs took some delay to accomplish the first polar body, however, subsequent 
development was limitted to karyokinesis without entering cytokinesis. 
In t he present experiment, it becomes clear that the effect of DNP was dis-
covered removable in a case by washing repeatedly and transferring them after-
ward into ordinary sea water. In the case of the treated eggs of more than 30 
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Fig. 2, a-d. Successive process of the elimination of the first polar body, when the fert iliz-
ed Caecella eggs were exposed to DNP for 30 minutes just after t he stage at the 
breakdown of the germinal vesicle, and put back to sea water. 
minutes exposure, the first polar body was formed fairly larger in s1ze 12- 15 
minutes later , and its diameter reached about twice or more as compaired with 
the control eggs. The process of the elimination of the first polar body is shown 
in Figs. 2. a-d. Namely, upon return to sea water within two and five minutes, 
the small aster was formed in the aforementioned homogeneous cytoplasmic region, 
radiating the small and feeble astral rays at the beginning. Then they spread out 
growing into the monaster appearance. Within ten minutes, the typical amphiaster 
was formed something larger in size as compared with the normal eggs. Meanwhile, 
the portion of the egg at the animal pole became somewhat clear, so that the 
astral rays formed there became indistinct, because they were generally indicated 
by the investing granules arround the radiation of the astral rays. With lapse of 
time, the first polar body was formed at the beginning in a dome like protuberance, 
then gradually grew untill it was pinched out. This is the giant polar body found 
during the recovering process of DNP treated eggs. In the majority of the eggs 
when the exposing period was prolonged, the polar body was apt to be formed 
more voluminous in size (Figs. 3. a and b). Before long, second polar body was 
formed also voluminous, similar to the eliminating process of the first polar body. 
Therefore, it was clearly observable as shown in the figure (Figs. 3. c-h). However, 
in the normal development, the elinlinat ion of the second polar body is difficult to 
recognize from t he outward, because it is generally formed in a flat oval form just 
beneath t he first polar body. 
When the fertilized eggs were transferred to DNP S(.a water at the stage just 
after t he elimination of t he first polar body, and put back to ordinary sea water 
after the exposure for 60 minutes, the elimination of the second polar body was 
abbreviated. Meantime,the animal pole region became clear, and then shallow one-
sided furrow appeared much later as shown in the figure (Figs. 3. i-1). 
DAN and IKEDA (1969) ascertained that the fertilized sea urchin eggs at the 
four cell stage were continuously immersed to DNP sea water untill the period, 
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Fig. 3, a-1. E limination of the first and t he second pola~· bodies of recovering DNP treated 
egg., a and b. Giant first pola.r body., c.d and e-h. Successive changes of the forma-
tion of the second polar body, i-1. Shallow one-sided fmTow formation without the 
elimina.tion of the second polar body. 
when control eggs passed over next division then put back to ordinary sea water, 
cleavage took place in a while dividing the eggs into four large and four small 
blastomeres. From the above data, they came to the conclusion that t he formation 
of the m.icromere is controlled in close connection with the time factors, progressing 
in a clockwork manner during the course of development. In the writer's case, the 
shallow one-sided furrow appeared without excluding the second polar body, this is 
seem.ingly equal to DAN and IKEDA's opinion. Hovvever, by examining the sections, 
it seems likely t hat the furrow is induced by the enlarged second meiotic spindle 
lying at the clear cytoplasmic wne formed around the animal pole. 
B.A. KIHLMAN (1966) pointed out that the stage of the mitosis are particularly 
energy requiring, therefore the cell division is inhibited by the agents which sup-
press the energy-generating processes in the cell, for examples, inhibitors of 
glycolysis, respiration, and oxidative phosphorylation. DNP is known as one of 
the respiratory inhibitors having the dissoc1ating action of the esterification of 
inorganic phosphate from the ox.idation processes, and the oxygen consumption 
is drastically increased by a low concentration. HuMBURGER and ZEUTHEN (1957}, 
from the experiment of DNP treatment, pointed out that the synchronized Tetra-
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hymena, where the division was seem.ingly amitotic and where DNA synthesis and 
other conspicuous aspects of growth had been completed beforehand, was inhibit-
ed during the period about three-fourths of the way toward division. They led 
to the hypothesis that the energy for a given division is stored in the course of the 
preparations for that division, and does not depend on oxidations that take place 
during the division itself. 
From the cytological effects of this reagent, I SHIDA (1963) reported that the 
cleavage of the various organisms is completelly suppressed untill at the mitotic 
processes of the 'prophase.' In the writer's present experiment, the earliest deve-
lopment took place as HuMBURGER and other investigators pointed out, then it was 
arrested. The commonest configurations, found in the sectioned preparations fixed 
immediately after the continuous exposure, were the meiotic 'prometaphase' or 
the 'metaphase.' The mitotic figures were recognized almost in the central part 
of the egg. On both sides of the chromosome mass arranged at the equatorial 
plane of the spindle, two definite centrosomes were found. The mitotic appara-
tus were very small and scraggy appearance showing merely feeble spindle fibers 
connecting between the both poles. However, the astral-rays to be observable in 
the normal condition radiating from the both sides of the centrosomes, could not 
~~ 
Fig. 4, a-h. Sections showing the successive changes of the elimination of the first polar 
body in the recovery., a . egg just before the transfer to sea water., b. Metaphase., c. 
Early anaphase., d. Anaphase., e. Telophase., f-h. Completion of the first polat· body, 
h. polar view. 
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be seen (Fig. 4. a). 
From the continuous exposure of the fertilized sea urchin eggs to DNP, 
MoTOMURA (1947), reported that the inhibition of development occurred at the 
'metaphase', however, the mitotic apparatus including aster and spindle was not 
supressed. KoJIMA (1960) also described the cleavage inhibition, taking place 
in the fertilized sea urchin eggs during the continuous exposure to DNP. In his 
observation an their recovery, when the DNP treatment was carried outb efore 
the streak stage and put back to ordinary sea water, the eggs divided into two 
cells. But, if the treatment was done later than the streak stage, the eggs 
divided directly into four cells. From the above experiment, he suggested the 
possibility of the precocious division of the centrosome or the formation of the 
astral centers at the prometaphase even during the exposure. In the writer's 
present experiment, the formation of the astral rays was completely inhibited, 
therefore the physiological effect of this reagent on the fertilized Caecella eggs 
seems to be different from that of the sea urchin. 
As described before, the meiotic spindle within the continuous exposure, was 
very small and scraggly appearance residing ahnost in the central part of the egg. 
Several minutes following the return to sea water, the mitotic apparatus began to 
recover in situ growing its size somewhat larger as compared with the control. Final-
ly, the voluminous polar body was formed. The reasons how the hypertrophy of the 
polar body takes place, are at present not elucidated. One of the plausible explana-
tion is that the mitotic apparatus of the DNP treated egg is formed, in the most 
cases, close to the central part of the egg. Namely, the writer (1971) reported 
in the previous paper, that the displacing the mitotic apparatus of the maturation 
division from the egg surface to the interior part of the egg caused pseudo-cleavage. 
Considering the facts, he came to the conclusion that tbe localized growth of the 
mitotic apparatus for the maturation division is controlled by the encircling condi-
tions, residing in the egg cytoplasm at the animal pole. As the result, when the 
meiotic spindle is shifted toward the inner part of the egg it possibly acquires a 
potentiality for inducing cleavage under the influence of new endoplasmic condition. 
The other interpretation of the basis of the enlargement of the meiotic spindle, 
although no conclusive evidence has been obtained, may possibly be that the DNP 
sea water causes the spindle elongation by releasing the spindle elongation controlling 
factors as BELAR (1929) pointed out. 
SUMMARY 
l. Dilute solution of DNP (about 0.01 per cent) prevents the elimination of 
polar body when the eggs are treated just after the breakdown of the germinal 
vesicle. 
2. Cytological observations reveal that DNP 
the eggs at the 'prometaphase' or the 'metaphase.' 
prevents the development of 
As the result, very small and 
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scraggy mitotic spindle is formed ahnost at the central part of the egg. 
3. Upon return to ordinary sea water, DNP treated eggs begin to recover. 
The first polar body is formed in a dome like protuberance after a while, then 
gradually grows larger forming voluminous polar body 
4. In this case, the mitotic apparatus formed during the recovering processes 
becomes somewhat larger as compared with that of the control eggs. 
5. The hypertrophy of the polar body caused by the DNP treatment may 
be the reflection of the changes of the maturation spindle standing still fixedly at 
the central part of the egg. 
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